We study the impact of virtual axions on the polarization of photons inside a cavity during the interaction of high-power laser pulses. A novel detection scheme for measuring the axion-induced ellipticity signal during the Light-by-Light (LBL) scattering process is investigated. We show that a momentum exchange between photons in a probe laser beam and a high-intensity target beam may lead to a resonance at the physical mass of the axion. Consequently, the resonant enhancement of vacuum birefringence gives rise to a large ellipticity signal. This signal enhancement can be applied in order to discriminate between the axion contribution to LBL scattering and the standard model contribution due to electron-positron pairs. The sensitivity of the scheme is studied for experimentally feasible probe light sources and ultrahigh intensity laser backgrounds. It is shown that this technique has the potential to probe the QCD axion in the mass range 10 −2 eV m a 1eV. In this region the axion induced signal surpasses the standard model background.
collisions. Due to the pseudo-scalar nature of the axion-photon coupling, the axion field generates polarization asymmetry between left-and right-handed circularly polarized photons. Hence a net circular polarized emission arises as an indication to mediating axions in LBL scattering event.
The potential of such experiments to detect axions by measuring vacuum birefringence has so far been examined in [42, 43] , where the classical equation of motion for a system of EM fields and axions was considered. Previous investigations have mainly relied on the perturbative solution of the classical field equations, in the presence of a constant magnetic field, in order to find the evolution of the propagating polarization modes. In contrast to the previous studies, our quantum mechanical treatment respects to the quantum structure of photons and axions which reveals more details about the photon-photon scattering process with axions in the intermediate state. Our approach is based on a quantum-mechanical description of the Stokes parameters and their time evolution, given by the quantum Boltzmann equation [44] .
Recently, we have proposed a novel detection method based on the forward scattering of photons via virtual axion exchange from an inhomogeneous magnetic field inside a cavity [45] . It has been shown that a momentum exchange between the cavity photons and the non-uniform magnetic field causes a resonance enhancement of the birefringence signal, this has the potential to probe a broad range of axion mass. In the present paper we propose a new setup in which the background magnetic field is replaced by an ultrahigh intensity laser such as many petawatt class lasers already exist. We consider the generation of elliptical polarization for an initially linearly polarized probe laser beam interacting with a high power laser which is pumped into a tunable cavity. Thanks to the resonance pole in the s-channel axion propagator of photon-photon scattering, one can explore a wide range of axion mass with a variable frequency light source.
A similar polarization signal in the standard model is generated by QED processes [44, 46, 47] . It is highly desirable to find a proper setup to separate the vacuum birefringence effects as predicted by QED and those induced by virtual axions. Taking the quantum Boltzmann equation as our theoretical framework, we discuss both the contribution of axions and QED to the predicted signal. We show that it is possible to scan a considerable axions mass range 10 −2 eV m a 1eV by measuring elliptical polarization generated on resonance, where the effect of axions and QED can be distinguished.
This paper is organized as follows. In section II, we discuss the evolution of photon polarization in photon-photon scattering process owing to the axion-photon interaction and the nonlinear Euler-Heisenberg interaction. In Section III, we consider the generation of circular polarization in terms of the ellipticity parameter as an observable quantity in laser-laser collision experiments. This section ends by deriving the potential reach of this technique on axion parameter space. Finally, we conclude in section IV.
II. PHOTON POLARIZATION AND PHOTON-PHOTON SCATTERING
In the standard model, the lowest order photon-photon scattering occurs at one loop via virtual electron-positron pairs. In axion electrodynamics, however, virtual axions lead to the same process at the level. The polarized virtual electron-positron pairs cause nonlinear interaction of EM fields when the QED vacuum is exposed to intense light. The nonlinear interaction of EM fields with equivalent photon energies much less than electron mass (ω m e ) can be well approximated by the effective Euler-Heisenberg (EH) Lagrangian [30] [31] [32] [33] [34] . The EH lagrangian can be obtained by integrating out the fermionic degrees of freedom, and at one-loop is given by
where α is the fine-structure constant, m e is the electron mass, F µν is the EM field strength tensor andF µν ≡ ε µνρσ F ρσ . The field strength tensor F µν = ∂ µ A ν − ∂ ν A µ can be expressed in terms of the quantum gauge field A µ as a linear combination of creation and annihilation operators
where ε iµ (k) = (0, ε i (k)) shows the photon polarization four-vector for the two orthogonal transverse polarizations and k (with k 0 = |k|) stands for the four-momentum vector. Meanwhile a † i (k) and a i (k) satisfy the common canonical commutation relation as
On the other hand, the axion-photon-photon vertex leads to photon-photon scattering mediated by virtual axions. The axionphoton interaction is described by the Lagrangian [1] [2] [3] 
where g aγγ is the the coupling constant, and a is the pseudoscalar axion field. In a similar procedure of constructing the effective EH Lagrangian (1), axions with masses larger than the typical energy of scattered photons (m a ω) can be integrated out giving rise to an effective interaction term [28, 29] ,
In the following, we focus on the polarization characteristics induced on an EM beam through light by light scattering. The polarization properties of an EM wave are usually described in terms of the Stokes parameters: the total intensity I, linear polarization Q and U, and the circular polarization V. In a quantum-mechanical description of light polarization [48, 49] , a given photon state A can be expanded in the polarization basis as
where |ε i defines the polarization states and a i corresponds to the amplitude of different components. Moreover the Stokes operators, in the linear basis associated to each Stokes parameter, are given bŷ
In a general mixed state of photons, a normalized density matrix ρ i j ≡ (|ε i ε j /trρ) describes an ensemble of photons [50] .
The expectation values of the Stokes operators reproduce the classical Stokes parameters as
These relations show how polarization information is encoded in the density matrix, the explicit representation of this matrix in terms of Stokes parameters is given by
The time evolution of the density matrix, and hence the time evolution of Stokes parameters, is obtained from the quantum Boltzmann equation [48, 49] 
whereĤ int is the first order interaction Hamiltonian and D 0 i j (k) ≡ a † i (k)a j (k) is the photon number operator. The first term on the right-hand side of Eq. (16) is the forward-scattering term describing only the variation of the photon polarization, the second term is due to higher order collision terms corresponding to the scattering processes. In the following, we will adopt interaction terms Eqs. (4) and (1) in order to compute the time-evolution of the density matrix. 
A. Circular Polarization Due to Photon-Axion Interactions
The two-photon-axion interaction Eq. (4) allows for axion decay into two photons (a → γγ) where the decay rate is given by [51, 52] 
this quantity is strongly suppressed for very low mass axions, implying that the axion is stable on cosmic time scales (and hence it is a dark matter candidate). Due to the long lifetime, axion-photon conversion a → γ is usually considered in the presence of external sources of EM fields [53, 54] . Due to its interaction with quarks and gluons, and the presence of QCD instantons, the QCD axion obtains a mass below the QCD scale [55, 56] :
where f a is the axion decay constant (the scale of spontaneous symmetry breaking, of which the axion is a pseudo-Goldstone boson), f π = 93 MeV and m π = 135 MeV are the pion decay constant and pion mass, respectively, and z = m u /m d is the mass ratio of up and down quarks [57] . The axion-photon coupling g aγγ can be expressed in terms of the axion decay constant as
where C is a dimensionless, model dependent parameter, with contributions form both the colour and electromagnetic anomaly (see e.g. Ref. [58] ). Taking the C to be of order unity as in the conventional QCD axion models [59] [60] [61] [62] and using Eqs. (18) and (19) , the axion decay rate Eq. (17) is:
Therefore, QCD axions with m a < 18eV live longer than the age of the universe [63] . Taking into account the finite lifetime, the Fourier transform of the propagator is
where Γ is the total decay width of the axion Γ Γ a→γγ . The decay width can be parametrized by the branching ratio into photons as B a→γγ = Γ a→γγ /Γ. We consider only axion masses below 2m e where axions can only decay into photons (the axion has no coupling to neutrinos in the canonical models) and therefore we set B a→γγ = 1 in our computations [64] .
Considering the axion-photon interaction Eq. (4), the Fourier transformations of photon field Eq. (2) and axion propagator Eq. (21), the Hamiltonian describing the axion-photon-photon interaction is:
where dp = d 3 p (2π) 3 2p 0 , and similarly for p , q and q . Coefficients A, B and C contain the information about the Lorentz and polarization structure which are related to different scattering channels s, t, u respectively, and are given by:
The corresponding Feynman diagrams of photon-photon scattering by an axion mediator in the different scattering channels are presented in Fig (1) . In the following we adopt the interaction Hamiltonian Eq. (22) in order to evaluate the time-evolution of the density matrix. We only focus on the leading term (forward-scattering) in the Boltzmann equation Eq. (16) . In the forward scattering process, the momentum of photons does not change during interaction, and hence p = p and q = q = k. We substitute Eq. (22) into Eq. (16) and performing some straightforward computations using the following ensemble averages [44, 49] 
and
The time evolution of the photon density matrixρ
contains contributions from the axion and QED terms. The axion contirbution is given bẏ
We will presentρ γ(QED) i j in Sec. (II B). In order to compute the effect of the axion interaction on photon polarization in light-by-light scattering in a realistic experimental setup with laser beams, we define p α = p 0 (1,p), k α = k 0 (1,k) and ε µr = (0,ε r ), withk,ε 1 (k), andε 2 (k) taken in the co-orindatesk
In the case of two approximately monochromatic laser beams, the density matrix can be represented as
wherek andp stand for the mean momentum of the incident and target laser beams, respectively. As a result, the momentum integral over Stokes parameters can be replaced by the mean values of the corresponding quantities of the "target" laser beam. For instance, the mean value of Q(p) is defined as
From now on, we assume that the target laser beam is totally linear polarized in the Q direction soĪ(p) =Q(p) whereĪ(p) is the mean intensity of the target laser beam. This means that the circular polarization V (p) of the target beam is assumed to be zero. Performing the momentum integration similar to Eq. (32), the time evolution of the Stokes parameters (as components of density matrix Eq. 15) due to photon-photon scattering by an axion mediator is given bẏ
where
According to Eqs. (33) , linear polarization of radiation (Q and/or U = 0) can be converted into circular polarization depending on the evolving parameters of both the axion and the laser beams. According to our expectations, the intensity of photons does not change during the photon-photon forward scattering and only the polarization vector can change in this process. As is obvious from Eqs. (34) and (35) , and owing to the smallness of im a Γ, there is an approximate pole (resonance) at
The resonance occurs in the s-channel of photon-photon scattering [see the first diagram in left-side of Fig. (1) ] where a photon from the probe beam and one from the target create real, on shell, axions. When on-shell axions are produced, because of their very long life times, they escape the apparatus. This production of axions in light-by-light scattering is analogous to the searches for supersymmetric dark matter as "missing energy", and other long lived particle searches, at high energy colliders like the LHC. This will change the photon intensity and is not captured considering only forward scattering. Close to the resonance point, we expect a large enhancement in the conversion rate between circular and linear polarizations in the forward scattering term. Next, we present the time evolution of Stokes parameters due to QED EH Lagrangian, treated as a competing process to the effect due to axions.
B. Circular Polarization Due to Euler-Heisenberg Lagrangian
The polarization effects caused by virtual electron-positron pairs have recently been considered taking in the quantum Boltzmann approach [50, 65] . Taking the EH Lagrangian Eq. (1), the time evolution of the density matrix given by the forwardscattering term is [44, 46, 47, 66] 
Regarding our assumptions Eqs. 
Obviously, Eqs. (38) have a similar structure to Eqs. (33) . These equations shows linear-to-circular polarization conversion of a light beam when it passes through a polarized vacuum, like the QED vacuum, due to vacuum birefringence. Regarding Eqs. (39) and (40), the conversion rate becomes maximum in a head-on collision of two laser beams (θ = π), and tends to zero when the collision angle is close to zero (θ ≈ 0).
III. POLARIZATION EVOLUTION IN COLLISION OF TWO LASER BEAMS AND THE SEARCH OF AXIONS

A. Induced Ellipticity in LBL Scattering for QED and Axions
In order to probe axion fluctuations in the vacuum, we propose an experiment based on measuring the induced ellipticity on a linearly polarized probe laser beam passing through a high intensity target beam, see Fig. 2 (the situation depicted in Fig. (2) is the configuration of two incident counter-propagating laser beams inside a tunable cavity, which we will come back to later). Our physical observables in this setup are the ellipticity angle (ε) and the rotation angle of the polarization plane (ψ). The Stokes parameters may be expressed in terms of ε and ψ as [50] 
Ellipticity ε quantifies the relative phase between two propagating modes and ψ defines the rotation angle of the major axis of the ellipse. The set of Eqs. (33) and (38) lead to a simple harmonic equation for the circular polarization parameter V:
where the frequency of the oscillation Ω contains both the axion and QED contributions and is given by
here
The harmonic Eq. (43) implies that the generation rate of circular polarization through Faraday conversion is proportional to Ω. Supposing a totally linearly polarized probe beam in the Q direction with initial polarization values as V 0 = 0, U 0 = 0 and Q 0 = I, the solution of Eq. (43) is given by
where ∆t is the duration of the LBL scattering and I is the intensity of the probe laser beam. Using Eqs. (42) and Eq. (47), the absolute value of the ellipticity acquired by probe photons at a fixed azimuthal angleφ = π/4 is
where is the effective length of the interaction region and c is the speed of light. Note that = 2πω 2 0 /λ t is twice the Rayleigh length, where ω 0 and λ t are the minimum value of the beam waist and the target laser wavelength, respectively [67] . Regarding our assumed initial values for the polarization parameters and the azimuthal angle, through Eqs. (33), (38) and (41), we find that the polarization plane ψ does not rotate during the forward scattering process. Consequently Stokes parameter Q = I cos(Ω∆t) and U is identically zero.
We focus on the ellipticity signal generated in LBL as a sign of virtual axions. In our proposed experiment a high power (Peta Watt, PW, class) laser is employed to polarize the vacuum and a second laser is used to probe the vacuum structure. A linearly polarized optical, x-ray or Gamma-ray beam can be used to probe the vacuum fluctuations for both virtual axions and virtual electron-positron pairs [68] [69] [70] . Note that the probe field should be much less intense than the target laser beam. The technology of high-intensity lasers of PW class can achieve strong field strengths of the order of 10 11 − 10 12 G but limited to short spatial regions ω 0 = 1 − 10µm, introduced by the laser pulse length [71] [72] [73] [74] [75] [76] [77] . The critical limit of intensity I c 4 × 10 29 W /cm 2 , called the Schwinger intensity, is equivalent to the critical electric (magnetic) field E c = 1.3 × 10 16 V /cm (B c = 4.4 × 10 13 G) where the quantum vacuum breaks down through Schwinger pair production. Currently, high-power lasers operate in a wide range of intensities 10 14 − 10 23 W /cm 2 . The laser system of the Extreme Light Infrastructure for Nuclear Physics (ELI-NP) [78] and ELI-BL [79] are able to reach intensities of 10 23 W /cm 2 , which is currently the world's most powerful laser system [80] . Upcoming facilities such as the Exawatt Center for Extreme Light Studies (XCELS) [77] envisage even higher intensities of the order of (10 25 − 10 26 )W /cm 2 , with a future plan to breach the 1 EW threshold [81, 82] .
The total ellipticity signal generated during the LBL scattering process is ε = ε QED + ε Axion . We are looking for the ellipticity signal originating from off-shell axions on top of the QED background, as well as several different noise sources. While the Standard Model LBL scattering with low energy photons has never been observed so far, here we are interested in removing QED effects, leaving behind only axions signal.
The ratio of the ellipticity signal generated in LBL by exchanging relatively heavy (m a ω) off-shell axions to the signal originating from QED processes is given by
In order for the ALP contribution to be dominant, g aγγ /m a should satisfy the following condition 
However, for the axion masses comparable to the photon energies and close to resonance, one cannot simply integrate out the axionic degrees of freedom. In this case the signal is enhanced further, and a larger part of the parameter space has axion effects dominant over those from QED.
In the next section we take realistic experimental parameters capable to measure the induced ellipticity signal in high power laser experiments and compute the sensitivity to axion induced polarization evolution.
B. Sensitivity to Axion Parameters
In order to evaluate the axion contribution to the ellipticity signal we take Eqs. (34) , (35) , (45) and (48) . Detection of the ellipticity seems to be more feasible near the resonance region (Eq. 36), where we expect a large enhancement in the signal. The signal enhancement near the resonance can be applied in order to discriminate between the axion contribution to photon-photon scattering and the one originating from QED. In fact, the ellipticity signal is a function of the axion-photon coupling and the axion mass, so a precise measurement of the ellipticity can put an upper bound on these parameters if a signal is not observed.
Since m a Γ a is sufficiently small with respect to m 2 a and s = 2p ·k, we find ε Axion is given by
In addition to the axion parameters, the ellipticity signal depends on the energy of the photons in the colliding beams, the intensity of the target beam, the interaction length, and the collision angle between the two lasers. In the case of relatively light axions with respect to the photon energy, s m 2 a , we can approximate ε Axion as 
Since the axion is a pseudoscalar, this has no angular dependence, which gives a peculiar signature of virtual axions. In contrast to light axions, the ellipticity receives no contribution from QED processes when the probe beam is aligned along with the target laser beam (θ ≈ 0). This provides an ideal situation in order to isolate polarization features stemming only from axions. We propose to use an optical probe laser beam withk 0 ∼ 1.5 eV crossing another laser beam with an intensity of the order of 10 23 W /cm 2 and an energy per light quantump 0 ∼ 1 eV focused to a region with ω 0 ∼ 10 µm or equivalently ∼ 507µm. A negative result of the ellipticity measurements applying high precision polarimeters with resolution down to 10 −10 rad leads to the following forecasted constraint on the axion parameters
TakingĪ(p) ∼ 10 25 W /cm 2 as the highest intensity which is envisaged to be available at the ELI and at XCELS, the upper limit would be improved to 1.93 × 10 −8 . It is worth noting that measurement of the ellipticities of the order of 10 −10 rad has already been reported in the optical regime [24, 83] . The detection sensitivity of the ellipsometer is limited by both shot noise and the light source stability. However, the large number of probe photons (∼ 
which is inversely proportional to the squared mass of axions, so by increasing m a the ellipticity angle will be decreased.
In the region close to the resonance point where s m 2 a , the induced ellipticity on the probe beam is 
where ε is defined as a small deviation from the resonance, s = m 2 a + εm 2 a and Γ m a ε 1. Moreover we can rewrite ε as follows
for those values of ε which are close enough to zero the generation rate of circular polarization can be substantially enhanced. The enhancement of the polarization signal occurs at some special angles defined by
We note again that the resonant enhancement is absent in the competing QED process and can be used as a specific signature of axions. 
Thus by fixing the energies of both the probe and the target laser beams (e.g.k 0 andp 0 ), and looking for the ellipticity enhancement at different angles, one may determine the mass of the axion: the collision angle scans the resonance. Furthermore the amplitude of the signal gives an measurement of g aγγ . Instead of changing the collision angle, one can also scan the resonance using a tunable cavity [See Fig. 2] , where now the collision angle is fixed and the energy of the probe photons varies inside the cavity. In this setup, wavelength tuning is achieved by variation of the cavity length or by alternative tuning mechanisms. Applying a Fabry-Perot cavity with length L and finesse F leads to cavity modes which are separated by free spectral range (FSR) ω f sr = πc/L where ω f sr = 6.19 × 10 −5 eV cm L .
The width of the cavity modes is determined by the finesse as ∆ω c = ω f sr /F [84] . Using high finesse cavities let us probe different mass ranges with incredible precision. While a short high power pulse interacting with a probe laser beam along with the interaction length [ Fig. 2 ], the energy of the probe photons would change in FSR steps in order to scan over a finite mass range of axions.
For the resonance frequencyk 0 ≈ m 2 a /4p 0 in a two-beam head-to-head collision, cavity length needs to be changed by δ L ∼ 1/2k 0 in order to continuously scan this frequency range by using different cavity modes [84] . In order to probe a limited mass range 10 −2 eV m a 1eV in a reasonable time scale (≈ 1 year), we propose to use a cavity length L = 62 cm (ω f sr ≈ 10 −6 eV) which implies ∆ω c = 10 −11 eV with cavity finesse F ∼ 10 5 . This leads to ε ≈ 10 −11 as the enhancement factor on resonance. The induced ellipticity for input parametersĪ(p) = 10 25 W /cm 2 ,p 0 ∼ 1 eV, ∼ 507µm and (θ ≈ π) is given by
where the resonance condition fixed the axion mass at m a ≈ 2 √k 0 . The current accuracy of ellipticity measurements of about 10 −10 rad is sufficient to put and upper bound 3.5 × 10 −14 GeV −1 on the axion-photon coupling g aγγ . The ellipsometry resolution 10 −10 is only accessible for high power laser beams with a large number of photons (∼ 10 20 ) . However, recently it has been claimed that high precision phase measurements are also possible using lower power lasers in squeezed state [67] .
In our proposed experiment the monochromaticity of the probe beam is essential for scanning the resonance mass, and in order to have an ideal monochromatic laser beam an infinite pulse length is required. However, high power lasers usually have short pulse duration τ ≈ O(10 − 100) f s. A typical pulse length larger than the oscillation of the laser beam serve as a good approximation for monochromatic light [23] . For high power lasers in optical frequenciesk 0 ≈ 1eV and for pulse duration 10 −14 − 10 −11 s, one would obtain ∆k/k 0 ≈ 10 −2 − 10 −5 . The lowest bandwidth for continuous-wave (CW) low-power lasers such as He-Ne laser is about 1.5 GHz. A very narrow bandwidth down to 1 kHz or even less is obtainable by applying stabilized low-power CW lasers. Note that the observed bandwidth is limited by fundamental quantum processes and technical noise.
Instead of polarimetry, one may use interferometric techniques in order to measure a phase shift introduced by axions on the probe photons. Recently it was proposed to set a Mach-Zehnder interferometer (MZI) to measure a very small phase shift between a probe beam passed through a disturbed quantum vacuum and the same beam propagated in an unperturbed vacuum [67] . The theoretical bound for the phase sensitivity measurement when a coherent classical light is applied is ∼ 1/ N where N is the average number of photons. Squeezed stated of light can improve the phase sensitivity of an interferometer reaching to ∼ 1/ N . While for a classical light a large number of photons is needed to obtain high sensitivity in phase measurement, a CW laser in the squeezed state can achieve the same sensitivity but with smaller number of photons.
Note that for a polarization analyzer the quantity 1/ √ aI 0 τη is the amplitude of shot noise [85] , where I 0 is the incident photon flux to analyzer, a is the light-extinction ratio of the polarization analyzer, τ is the photon counting time and η is the quantum efficiency of the photodetector.
In order to avoid background noise in the presence of charged particles such as the Cotton-Mouton and Kerr effects [86] , it is essential to completely clean the interaction region by eliminating all residual gas particles from the interaction region [87] . Apart from this background noise, we demand that the axion ellipticity signal surpasses the similar signal produced by QED process. Taking into account Eqs. (39), (40) , (46) , and (48) the induced ellipticity ε QED on a probe laser beam is given by
Keeping the same experimental parameters as those used in order to compute Eq. (61) namelyĪ(p) = 10 25 W /cm 2 , ∼ 507µm andθ = π, this quantity can be evaluated as ε QED = 2.67 × (10 −8 − 10 −3 ) rad fork 0 ∼ 10 −5 − 1 eV. Taking the QED signal We assume a linearly polarized laser beam counter-propagating along with a high-power laser [ Fig. 2 ] which satisfies the resonance condition Eq. (61) in the mass range 10 −2 eV m a 1eV , taking into account high-precision polarimeters. The dark blue region as labeled shows the region in which the axion ellipticity signal is larger than QED ellipticity signal with accuracy up to 3σ . The light yellow part could result from ellipticity measurement with accuracy 10 −10 rad of a probe laser beam interacting with a high power laser 10 25 W /cm 2 close to the resonance points, but the signal lies below the QED background.
as a background noise, the sensitivity g aγγ 1.58 × (10 −12 − 10 −10 )GeV −1 is obtained from the signal to noise ratio (SNR), SNR = 3 for the resonance mass range 10 −2 eV m a 1eV. This is illustrated in Fig. (3) , which represents the sensitivity of our proposed set up to axion parameters. The dark blue region is where the axion ellipticity signal is well above the QED ellipticity signal, with accuracy up to 3σ . The light yellow region is the region in which axion signal is observable according to sensitivity of our polarimeter, but below the QED noise. In the yellow region, the axion signal could in principle be measured as an addition to the QED signal, but this would require more careful analysis.
IV. CONCLUSION AND REMARKS
In the present paper we have considered the polarization features originating form virtual axion exchange in the photon-photon scattering process. Our adopted formalism is based on the quantum Boltzmann equation, which gives the time evolution of the Stokes parameters. This formalism presents more details compared with the previous semi-classical approaches and reveals some new features such as the resonance pole of axions. One of the advantages of the polarization analysis in the forward scattering with respect to many other experiments is that the former relies on the scattering amplitude √ σ γγ instead of scattering cross section σ γγ . In Light-Shining through Wall (LSW) experiments, real axions are produced and the observational signal is proportional to g 4 aγγ [88, 89] , whereas our polarization signal scales as g 2 aγγ for axion masses sufficiently far from the resonance. However, close to the resonance point, the polarization signal enhances as g 2 aγγ /ε, where ε is limited by the bandwidth of the probe laser beam and can be as small as 10 −11 .
We used parameters of existing high power laser designs in order to constrain axion parameters. The effect of axions producing an elliptical polarization signal for an initially linear polarized optical probe laser beam was investigated, during the interaction with an ultrahigh intensity laser background. We then compared the generated ellipticity signal in different ranges of axion parameters with the corresponding polarization signals caused by nonlinear QED effects. It was shown that the ellipticity signal increases as a function of the average intensity of the target laser beam, the interaction length of two lasers, and also the energy of the probe photons. Our proposed experiment appears to have sufficient sensitivity to span considerable range of axion masses 10 −2 eV m a 1eV . The potential discovery reach of this experimental setup is summarized in Fig. (3) . Remarkably, we show that our scheme can explore a broad range of axion masses reaching the QCD axion parameter region while remaining above the QED background at 3σ . Our results thus show the unique potential of light-by-light scattering to probe axions, and it can become a valuable complement to other studies to determine axion parameters and shedding light on the nature of the axion-photon interaction.
